ABSTRACT
Introduction
The relationship between the chemical structure and biological activity is a fundamental characteristic of the effect of biologically active substances. The prediction of the biological activity of unknown chemical substances, as well as the purposeful synthesis of new drugs with preset biological properties is based upon the impact of the chemical structure on of compounds activity (1, 13, 14) . During the last years the so-called construction of biologically active substances has raised a substantial interest in the more complete and more precise investigation of the relationship of molecular structure and bioactivity of compounds. Mathematical and cybernetic solutions such as regression analysis, image recognition method, quantum mechanics approaches etc. have become more widely used to seek quantitative relationships between the structure of a molecule and its biological properties aiming to predict substances with a high bioactivity. One of the main deductions of methods for construction of biologically active substances is the presumption that compounds with similar structure would have a similar bioactivity. The structural similarity concept is, however, very hard to be defined, as evidenced by the numerous and various parameters used to create empirical relationships between the structure and the biological activity of compounds. So far, the most widely used method based on such relationships is regression analysis. The Quantitative Structure Activity Relationship (QSAR) approach is widely used to look for and predict new compounds with high biological activity. The evaluation of the bioactivity of such compounds through their physical, chemical and physicochemical traits is most commonly performed with regression equations of the structure-activity type using regression analysis (6, 7, 14, 21) . The purpose of this method is to derive empirical relations between various sets of chemical, physical or structural parameters and the biological activity of compounds. The method is especially efficient in the study of small, structurally similar groups of compounds and is used to predict compounds with higher bioactivity within these groups. The antibacterial activity of 8-hydroxyquinoline and its derivatives is long-known. The drugs from this group are used as chemotherapeutics in medicine for more than 120 years (9, 10, 11, 21) , and in analytical chemistry as chelators (8, 12) . In previous studies of ours, some newly synthesized derivatives of 8-Quinolinol were shown to exhibit a higher microbiological activity (4, 5, 15) .
The aim of the present study was to establish a relationship between antibacterial activities of newly synthesized derivatives of 8-Quinolinol and their structure. To accomplish this purpose, the minimal inhibitory concentrations (MIC, mg/dm 3 ) of the investigated compounds against Staphylococcus aureus were determined and applied for the mathematical model.
Materials and Methods

Tested compounds
A group of 24 synthesized by us 2,5,7-substituted derivatives of 8-Quinolinol with a general formula presented on Figure 1 was used and their biological activity was tested against Staphylococcus aureus strains (17, 18, 19) . 
Microbiological screening Preliminary microbiological screening
The preliminary microbiological screening tests for the determination of the antimicrobial activity of the newly synthesized compounds was accomplished by the disc diffusion Bauer-Kirby method using culture medium of Mueller-Hinton agar on Staphylococcus aureus strains taken from the collection of the Faculty of Veterinary Medicine, Trakia University ( Table 1) . The culture media were poured into Petri dishes with 4 mm agar layer thickness at pH 7.2-7.4. Solutions of the investigated compounds in dimethylformamide (DMF), with concentrations 1x10 -2 %, 1x10 -3 % and 1x10 -4 %, were prepared. Furthermore, the compounds with proven antibacterial activity and concentration 1x10 -4 % were used for preparation of solutions with concentrations 1x10 -5 %, 1x10 -6 % and 1x10 -7 %. Filter paper discs "Vatman-3" with 5.5 mm diameter were sterilized for 1.5-2 min at temperature 160 0 C. Afterwards, 0.01 cm 3 of the corresponding solutions were absorbed on each of the discs. They were placed on the surface of the culture medium that was preliminary inoculated with broth culture of the corresponding pathogen. After standing for 30 min at room temperature, the samples were cultivated at 37 0 C for 24 h, and then the diameter of the sterile area (in mm) was reported.
MIC determination
Twenty four compounds that exhibited a relatively high antibacterial activity in the preliminary microbiological screening were used: esters ( 3 (with solvent dimethylformamide). Activated broth cultures from the used microbial species were applied to the agar surface and cultivated at 37 0 C for 24 h. MIC was accepted as the lowest concentration of the test compound, for which complete inhibition of microbial growth was established. All investigations were conducted in triplicate. To control the antimicrobial activity of the solvent used, it was tested in a Petri dish with agar containing 2 cm 3 dimethylformamide.
Mathematical model
The evaluation of biological activity was expressed by the negative natural logarithm of MIC's reciprocal value (6, 7):
whose values were normally distributed for the used set of compounds. The normal distribution of the variable (in this case, the biological activity) is essential for the application of regression analysis. ) of newly synthesized 8-hydroxyquinoline derivatives with a general formula shown on Fig. 1 , against some Staphylococcus aureus strains determined by the agar serial dilution method, are presented in Table  1 .
The results showed that all tested compounds possessed antibacterial activity with MICs from 6 tо 512. The antibacterial effect was more pronounced for esters than for styryl derivatives and in most cases, 2-styryl-8-acetyloxyquinolines were more active than 2-styryl-5,7-dichloro-8-acetyloxyquinolines ( Table 1 3 ) against the same microbial strains was exhibited by 2-(3-nitrostyryl)-8-acetyloxyquinoline /2.14/.
To evaluate the biological activity of chemical compounds on the basis of their physical, chemical and physicochemical traits, most often steric (molecular volume, van der Waals radii, molecular refraction, parachor), electron (ionization potential, electron affinity, dipole moment, different quantum chemical indices) and hydrophobic (partition coefficient, Р) parameters, the statistical relationship between these parameters and bioactivity was assessed by multiple regression analysis (6, 7, 13, 14, 20) . We have utilized this method to determine the quantitative relationship between antimicrobial activity against Staphylococcus aureus of 2,5,7-substituted 8-hydroxyquinoline derivatives and some traits depicting the structure of compounds. Ten 3D descriptors were selected as significant predictors of biological activity ( Table 2 ). The used descriptors of 8-hydroxyquinoline derivatives were computed on the basis of three-dimensional chemical structures of compounds with the software pack CambridgeSoft Corporation, Chem Office (2).
The set of data was submitted to multiple regression analysis (6, 7) to obtain the relationship between biological activity and the molecular structure through some of the aforementioned descriptors, included in the first stage of the model. A necessary prerequisite for the method is the normal distribution of the dependent variable (biological activity). As seen from Fig. 1 , this condition was fulfilled with a high precision -the distribution of compounds' bioactivity was Gaussian (normal). The graph was obtained by using the StatSoft, Inc. (16) statistical software.
By means of step-wise regression analysis, some of the tentative predictors of biological activity of 8-hydroxyquinolines were determined as irrelevant for bioactivity. The coefficients of descriptors with significant effect on biological activity, included in the final model, are presented in Table 3 . For a group of 8-hydroxyquinoline derivatives, there are literature data about the relationship between mutagenic activity and the chemical structure, and several quantitative structure-activity associations between Hammett and Taft constants, as well as between some hydrophobic parameters and bioactivity were reported (3, 13) . In the regression model, the parameters of molecular structure and compounds' properties were considered as independent variables, whereas antibacterial activity was most commonly expressed as -ln 1/МIC, where MIC is the minimum inhibitory concentration for pathogens, in mg/dm 3 (12, 13, 20) . Using regression analysis and the respective individual coefficients of variables included in the final model ( The extent to which the proposed relationship could explain the variance of bioactivity was presented with the coefficient of determination (R 2 ), the square of multiple correlation coefficients between biological activity and parameters included in the model. For our model (equation 2), the coefficient of determination was R 2 =0.988. As this value was very close to 1, it could be affirmed that the proposed model could predict the biological activity of new, not yet synthesized 8-hydroxyquinoline derivatives with a high precision.
The adequacy of the derived model was verified by the statistical analysis of residues distribution (differences between observed and predicted values) plotted on a normal graph paper. The correlation between observed and predicted bioactivity of tested 2,5,7-substituted 8-hydroxyquinoline derivatives are shown on Fig. 3 . In the ideal case, the points would lie on the solid line i.е. in case when the variance of biological activity was fully described by model's descriptors (R 2 =1). The dotted lines on Fig. 3 show the 95% confidence intervals of the regression model. The points corresponding to biological activity values, predicted by the mathematical model are close to the ideal line and therefore, confirm the adequacy of the model. , the bioactivity of a newly synthesized compound could be consistently predicted −whether it should be high (values>5), low (values <3) or intermediate and this way, to guide researchers to synthesize (construct) only compounds with high bioactivity. The proposed model with high predictive potential allows us to focus our future research on its expansion and approbation with the purpose to optimize applied synthesis of other classes of compounds with high and broad biological activity.
Conclusions
• On the basis of literature data and own research, a mathematical QSAR modeling using regression analysis was carried out. A mathematical model for prediction of the broad-spectrum biological activity of new, not yet synthesized derivatives of 8-hydrozyquinolines was proposed.
• The correlation between antimicrobial activity of tested compounds against some Staphylococcus aureus strains and some descriptors used to depict their molecular structure had a multiple correlation coefficient of R 2 =0. 
